Context: Symptomatic scapulothoracic bursitis and crepitus are disorders of the scapulothoracic articulation that are often poorly understood. They can be a source of persistent pain and dysfunction in the active overhead throwing athlete. It is important to distinguish between scapulothoracic bursitis and scapulothoracic crepitus. Scapulothoracic bursitis refers to inflammation of the bursae secondary to trauma or overuse owing to sports activities or work. Scapulothoracic crepitus is defined by a grinding, popping, or thumping sound or sensation secondary to abnormal scapulothoracic motion.
T he scapula is a thin triangular-shaped bone that serves as an attachment site for most of the extrinsic and intrinsic muscles providing movement and stability to the glenohumeral and scapulothoracic joints. Its function is crucial to maintaining a stable base of support for the humerus and allowing dynamic positioning of the glenoid fossa during glenohumeral elevation. 27 The scapula is attached to the axial skeleton via the clavicle, which acts as a strut allowing scapular rotation and translation along the thoracic wall and opposing medially directed forces of the periscapular muscles. 28 This biomechanical construct provides the smooth gliding movement of the relatively concave scapula on the convex thoracic cage. Symptomatic scapulothoracic bursitis and scapulothoracic crepitus are uncommon and often poorly understood disorders of the scapulothoracic articulation. In the active athlete, however, they can be a source of persistent pain and dysfunction.
It is important to realize the subtle differences between scapulothoracic bursitis and scapulothoracic crepitus. Scapulothoracic crepitus was first described by Boinet 5 in 1867. Milch 49 later added to the understanding by identifying 2 types of scapulothoracic crepitus. An osseous lesion, such as an osteochondroma in the scapulothoracic space, produces a loud grinding, thumping, or popping sound with scapulothoracic motion. These noises are amplified by the thoracic cavity, which acts as a resonance chamber, similar to a stringed instrument. 2 Milch 48 called this type of severe scapulothoracic crepitus the "snapping scapula."
The other, less severe symptomatic scapulothoracic crepitus has a soft tissue cause, such as bursitis. Codman 15 described the bursa of the scapulothoracic joint and believed that scapulothoracic crepitus was caused by irritation of these bursae. It is important to appreciate that painful scapulothoracic bursitis may be present without associated crepitus. 35 Furthermore, scapulothoracic crepitus may not always be pathologic. For example, Grünfeld 22 reported finding scapular crepitus in 31% of 100 normal asymptomatic persons. As a result, patients with psychiatric conditions may not respond to treatment as well as other patients.
AnAtomy
It is crucial, clinically and surgically, to have a clear understanding of the anatomy and biomechanics of the scapulothoracic articulation when treating scapulothoracic bursitis and scapulothoracic crepitus. 42 The scapula is the essential link for coordinated upper extremity activity. However, there is no true bony attachment from the scapula to the axial skeleton; its stability is provided by the surrounding musculature. These muscles can be divided into 3 major groups: the scapulothoracic muscles, which coordinate scapulothoracic motion; the rotator cuff muscles, which regulate activities of the glenohumeral articulation; and the scapulohumeral muscles, which provide power to the humerus. 19 At rest, the scapula is rotated anteriorly approximately 30° relative to the trunk and is tilted forward about 20° in the sagittal plane when viewed from the side. 36, 37, 69 This static position is commonly referred to as the "plane of the scapula." 14, 24, 65 During arm elevation, the first 30° of elevation occurs at the glenohumeral joint, whereas the next 60° of elevation is accomplished by equal contributions of scapulothoracic and glenohumeral motion. 4, 19, 73 Therefore, although variations do exist among people, there is approximately a 2:1 ratio of glenohumeral:scapulothoracic motion with arm elevation to 90°. 33 The scapulothoracic bursae are frequently neglected or incompletely discussed in standard anatomy texts. 35 These bursae allow for smooth, gliding scapulothoracic motion. Two major (or anatomic) bursae and four minor (or adventitial) bursae have been described in the scapulothoracic articulation ( Figure 1 ). 14, 33, 75 The first major bursa, the infraserratus bursa, is located between the serratus anterior muscle and the chest wall. The second major bursa, the supraserratus bursa, is found between the subscapularis and serratus anterior muscles. 35 The anatomic reproducibility of these bursae is well documented. 75 However, minor bursae that have been identified are adventitial, arising as a response to abnormal biomechanics of the scapulothoracic articulation. 59 Two have been described as lying at the superomedial angle of the scapula. A third site of pathoanatomy is at the inferior angle of the scapula and is considered by most authors to rest between the serratus anterior muscle and the chest wall. Finally, Codman 14 believed that the fourth site of pathology, the trapezoid bursa, was the site of painful crepitus in scapulothoracic crepitus. This bursa is found over the triangular surface at the medial base of the spine of the scapula under the trapezius muscle. Figure 1 . A, in this axial view of the scapulothoracic articulation, 2 major anatomic bursae can be seen: the supraserratus bursa and the infraserratus bursa; B, minor adventitial bursae of the scapulothoracic articulation are believed to develop in response to pathomechanics-they include 2 infraserratus bursae, a supraserratus bursa, and a trapezoid bursa.
CAuses
The causes of scapulothoracic bursitis and crepitus include abnormalities of the bone, muscle, and bursae involved with scapulothoracic function (see Milch 1933 in Bergmann 4 ). Carlson 10 reviewed 89 cases of scapulothoracic crepitus. The most common causes included skeletal abnormalities (43%) and idiopathic causes (30%). These were followed by patients who had first rib resection (15%) and muscle or bursal changes (12%). Each cause leads to the common pathway of disruption of the normal motion between the anterior surface of the scapula and the underlying bony thorax.
As mentioned, several key bursae are thought to cause lesions in the scapulothoracic joint. These bursae can become inflamed secondary to trauma or overuse owing to sports activities or work. 1, 44 McCluskey and Bigliani 43 reported on a series of 9 patients with refractory scapulothoracic bursitis, of which a traumatic episode was reported in 6. Trauma may be direct, as in injury from a motor vehicle accident, or indirect, as the result of a fall to an outstretched extremity that injures the soft tissues of the scapulothoracic articulation. Overuse syndromes-including those caused by overhead sports (eg, throwing, swimming, tennis) or any type of work that requires repetitive or constant movement of the scapula against the posterior chest wall-can irritate the infraserratus and supraserratus bursae. Furthermore, Sisto and Jobe 67 deduced that symptoms in their group of major league baseball pitchers were due to a flaw in delivery technique and to repetitive irritation and pressure between the scapula and posterior thorax. This repetitive irritation can lead to chronic bursitis and inflammation. The bursa then undergoes scarring and fibrosis, leading to crepitus and pain.
Milch and Burman 50 and Codman 14 believed that an osseous lesion in the scapulothoracic space may lead to symptomatic scapulothoracic crepitus. The most common bony pathology in the scapulothoracic space that gives rise to scapulothoracic crepitus is the osteochondroma, 48, 50, 56 which is the most common scapular tumor and can arise from the ribs or the scapula. 17, 49, 56 The majority of osteochondromas occur as single lesions that project from either the anterior aspect of the scapula or the posterior thorax. "Pseudo-winging" of the scapula has been described in cases where a large osteochondroma forces apart the scapula and posterior chest wall. In addition, the superomedial and inferomedial angles of the scapula can be excessively long and hooked. 50, 60 Furthermore, the superomedial angle can have a bony prominence known as Luschka's tubercle, 70, 72 which has been implicated as a source for scapulothoracic crepitus. Malunited fractures of the ribs or scapula can also cause symptoms. 49, 70 Researchers have also implicated reactive bone spurs that are created by the microtrauma of chronic, repeated periscapular muscle avulsions. 34, 62, 71 Finally, it is important to realize that any bony pathology that causes scapulothoracic crepitus is capable of forming a reactive bursa around the area of pathology. 16, 66 In fact, at the time of resection of these bony lesions, a bursa is frequently identified.
Pathologic conditions affecting muscle in the scapulothoracic articulation include fibrotic muscle, 8, 48, 74 muscle atrophy and edema, 10 and anomalous muscle insertions. 59, 68 Muscle fibrosis from a previous traumatic event can cause symptoms. In addition, scapulothoracic crepitus has been reported with serratus anterior muscle atrophy secondary to long thoracic nerve palsy and with subscapularis atrophy secondary to glenohumeral fusion. 77 Although rare, other soft tissue pathology has been implicated in scapulothoracic crepitus, including syphilitic or tuberculosis lesions 49 and elastofibroma dorsi, 45 a nonneoplastic soft tissue lesion on the chest wall. Several cases of subscapular elastofibroma have been implicated in causing scapular snapping in younger pitchers. 23 Yet another source of scapulothoracic crepitus includes anatomic variances that can lead to scapulothoracic incongruence. 18, 76 For example, structural spinal deformities (eg, scoliosis and kyphosis) resulting in alterations of the scapulothoracic articulation have been implicated as causes of scapulothoracic crepitus. 57 
DiAgnosis
Scapulothoracic bursitis and crepitus remain primarily clinical diagnoses. Clinical evaluation of the painful shoulder begins with a thorough history and physical examination. Patients most often complain of pain with increasing activity and may have audible and palpable crepitus with motion of the scapula. The crepitus associated with bursitis is usually much less intense than that which occurs with a bone lesion. 35 Some patients have no pain, 49 whereas others may have an extreme tenderness at the superior angle and medial border of the scapula. 47, 48, 63, 64, 77 In severe cases, patients may report pain at rest. In addition, scapulothoracic crepitus is bilateral in some patients. 7 A history of overuse during sports 13, 32, 34, 44, 59, 67 such as pitching, swimming, football, gymnastics, and weight training has been implicated in the onset of symptoms, as has work 59 and local trauma. 40, 44 Furthermore, it is not uncommon for patients to complain of a sensation of fatigue before the onset of symptoms. Finally, some authors have suspected a familial tendency toward developing symptoms. 13 Inspection of the scapula may reveal fullness or winging, which suggests a space-occupying lesion in the scapulothoracic space. 35 Visual inspection may also reveal dyskinesis, an alteration of the normal position or motion of the scapulothoracic joint. As previously mentioned, the normal overall ratio of glenohumeral:scapulothoracic rotation is 2:1 throughout the full range of elevation. Defective patterns commonly observed include decreased glenohumeral motion with increased scapular motion during elevation, which may lead to a clinically apparent protrusion at the lateral border of the axilla. 40 In addition, attention to the patient's posture may reveal moderate to severe forward head position and rounded shoulders, which has been shown to contribute to scapular symptoms. 54, 77 Although the neuromuscular examination in patients with scapulothoracic bursitis and crepitus is often normal, assessment of muscle strength remains critical. Basic manual muscle testing 26 should focus on the strength of the scapular muscles-including the trapezius (upper, middle, and lower), levator scapula, serratus anterior, latissimus dorsi, deltoids, and rotator cuff muscles. A loss of muscle tone or an alteration of scapulothoracic rhythm may lead to increased friction between the medial border of the scapula and the rib cage, resulting in crepitus or snapping. 59 Manske et al 40 suggested a thorough assessment of muscle flexibility and soft tissue tightness of the shoulder girdle. Chronic overuse or postures that hold the trapezius and levator scapulae in shortened positions can negatively affect scapular mechanics and function. The examiner can test the tightness of the trapezius by having the patient turn his or her head as much as possible toward the affected side, with his or her neck in slight extension. With the examiner standing behind the seated patient, the ipsilateral upper extremity is lifted from below the flexed elbow. This maneuver places slack on the upper trapezius and therefore allows further motion if the trapezius is the cause of limited motion. A tight pectoralis minor can also contribute to poor scapular mechanics. Tightness of the pectoralis minor causes the affected shoulder to rest in a more anterior position than that of the unaffected shoulder while the patient is supine. 40 The tightness is usually the result of a tight glenohumeral capsule causing secondary impingement and subsequent protraction of the scapula. Mild cases demonstrate cuff impingement, whereas more severe cases show scapular dyskinesia. All patients have a loss of normal rotational arc of the shoulder, which is best demonstrated as a loss of internal rotation with the shoulder abducted 90° and the elbow bent 90°. Furthermore, tightness of the latissimus dorsi, pectoralis major, and rotator cuff muscles can lead to abnormal motion between the scapula and humerus.
Palpation or auscultation while putting the shoulder through a full range of motion may detect the source of periscapular crepitus. Palpation may also reveal localized tenderness over the inflamed area. The superomedial border of the scapula is the most common location, but the inferomedial border is also a site of the disorder. The best way to palpate the medial border of the scapula is to have the patient adduct and internally rotate the shoulder while touching the opposite scapula. The presence of a palpable mass, crepitus, prominence at rest, and normal scapulothoracic motion will help to delineate scapular winging owing to a mass versus a neurologic deficit. 34 Injection of local anesthetic and corticosteroid may help to confirm the diagnosis. These injections may also prove therapeutic, which can further facilitate physical therapy and recovery.
After a complete history and physical examination, imaging studies may also be useful. Radiographs, computed tomography (CT), or magnetic resonance imaging (MRI) scans may identify anatomic pathology. An anteroposterior view and a tangential view (or Y view) should be obtained to detect osseous abnormalities. If these radiographic studies are negative and the examiner still suspects a bony abnormality, a CT scan may be helpful. Mozes et al 52 recommended 3-dimensional CT scans for assessing bony incongruity between the anterior aspect of the scapula and chest wall in patients with symptomatic scapulothoracic crepitus. They discovered bony incongruity in 26 of 26 scapulae. Finally, an MRI can be used to identify a soft tissue lesion. It is especially helpful in identifying the size and location of an inflamed bursa. In severe cases, MRI can show fluid-filled regions, usually between the serratus anterior and chest wall, with high signal in T2-weighted images. 25 Because focal muscle weakness or atrophy can play a role in idiopathic cases of scapulothoracic bursitis or crepitus, electrodiagnostic studies that include the shoulder girdle musculature should be considered. 10 Electromyography and nerve conduction studies are also useful in determining whether the cause of scapular winging is due to a neurologic lesion.
The differential diagnosis of scapulothoracic bursitis and crepitus includes elastofibroma (which can be confirmed by MRI) and referred pain from the cervical spine or glenohumeral joint. Cervical spine problems at levels C5 to C8 can lead to pain in the periscapular region. 6, 39 Neer 53 stated that problems in the glenohumeral joint can commonly cause referred pain in the scapula. Conditions of the glenohumeral joint that can lead to scapular pain include shoulder impingement and glenohumeral instability. 21 
nonoperAtive mAnAgement
The initial treatment of scapulothoracic bursitis and scapulothoracic crepitus should be nonoperative. Nonoperative management seems to be most beneficial if a soft tissue disorder, altered posture, scapular dyskinesia, or scapular winging is the source of scapulothoracic crepitus. 12, 43, 49 Initial treatment consists of rest, systemic nonsteroidal antiinflammatory drugs, activity modification, and shoulder rehabilitation.
The planned rehabilitation program should be comprehensive and multifactorial, focusing on posture, strength, and endurance. As previously mentioned, postural dysfunction is an important contributor to the development of scapulothoracic crepitus. For those with aggravating factors such as kyphosis or scapular protraction, 29 postural exercises designed to strengthen the upper thoracic musculature may prevent sloping of the shoulders. 12, 46 In addition, a figure-of-8 harness may be a useful tool to remind patients to attain normal posture.
Rehabilitation exercises should focus on strengthening the periscapular muscles and stretching their antagonist counterparts. Exercises that add physical bulk to the subscapularis and serratus anterior elevate the scapula further off the chest wall. This prevents "washboarding" of the scapula over the ribs, which can irritate the bursae. Furthermore, restoring periscapular strength establishes static proximal stability to provide a stable base. 30 The periscapular muscles' primary function is static posturing of the shoulder girdle (an activity of prolonged duration); therefore, endurance training should also be emphasized. 40 Endurance training consists of low-intensity exercises with high volume. Hence, to simulate the true function of the scapular stabilizers during sporting or repetitive work activities, 15 to 20 repetitions with lighter loads should be performed. The rehabilitation protocol should progress along a continuum: from isometric and isotonic periscapular and rotator cuff strengthening to endurance eccentric strengthening of the periscapular muscles. Scapular core exercises-such as scaption (scapular plane elevation), rowing, press-up, and push-up plus (ie, a push-up with increased protraction of the scapula)-should be emphasized early on (Figure 2) . 51 Exercises can then be advanced to include plyometric exercises such as Plyoback (AliMed Inc, Dedham, Massachusetts), proprioceptive neuromuscular facilitation, and Swiss ball isometric-hold scapular stabilization exercises. 40 Finally, attention must be given to strengthening of the core stabilizers (lumbar-pelvis-hip complex). A carefully designed rehabilitation program should continue for at least 3 to 6 months or until goals are met, with an emphasis on form and function. Failure to properly train the patient in functional activities can be a common reason for poor results.
Other means of nonoperative management include local modalities, such as heat, massage, ultrasound, and ionophoresis. Ciullo and Jones 12 used iontophoresis and ultrasound applied to the undersurface of the medial border of the scapula in combination with periscapular strengthening to treat symptomatic scapulothoracic crepitus. The application of ethyl chloride to trigger points has also been described. 59 Sterile injection of corticosteroid and local anesthetics is also a viable option. The bursae can be injected safely and easily with the patient's arm in a position of extension, adduction, and internal rotation trying to reach for the opposite scapula while prone (Figure 3 ). Caution must be used to stay in the proper plane parallel to the undersurface of the scapula, to reduce the risk of pneumothorax. 7, 61 As previously noted, a local injection can prove diagnostic as well as therapeutic.
operAtive mAnAgement
Most patients improve with nonoperative measures, but for patients who fail nonoperative measures and for whom the diagnosis is certain, surgery may be beneficial. The decision for and timing of operative management should be individualized for each patient. Operative options include partial scapulectomy and open versus arthroscopic bursectomy. Most authors have recommended partial scapulectomy or resection of the superomedial angle of the scapula 1, 9, 13, 32, 60, 76 in patients with scapular crepitus and pain caused by bony incongruity. With the patient in the prone position, an incision is made over the medial spine of the scapula, and the soft tissue is dissected down to the spine (Figure 4) . The periosteum over the spine is incised, and the supraspinatus, rhomboid, and levator scapulae are dissected in a subperiosteal fashion just to the edge of the scapular notch to avoid injury to the suprascapular nerves and vessels. The dissection is then carried around the medial edge of the scapula posteriorly to the undersurface of the scapula where the subscapularis and serratus are elevated subperiosteally from the region where the resection will occur. This technique allows placement of a protective retractor behind the scapula to control the depth of the saw. The exposed superomedial angle of the scapula is then resected with an oscillating saw, and the edges are smoothed with a rongeur. After the resection, the reflected muscles tend to fall back into place. The periosteum is reapproximated to the scapular spine by suturing through drill holes. Postoperatively, the patient is placed in a sling and begins immediate passive motion. Active motion is initiated at 8 weeks, followed by resistance exercises at 12 weeks. Overall, outcomes following this procedure are reportedly very good. 1, 13, 32, 60 For example, Arntz and Matsen 1 reported complete relief of pain and crepitus in 12 of 14 shoulders (86%) with a 42-month follow-up after resection of the superomedial border of the scapula. Interestingly, the resected bone was noted to appear normal on gross and histologic inspection. This finding has prompted others to pursue bursectomy and avoid partial scapulectomy. 67 Sisto and Jobe 67 described an open technique for resecting the bursa at the inferior angle of the scapula. Their patients were 4 major league baseball pitchers who complained of pain during the early cocking, late cocking, and acceleration phases and could no longer pitch. Only 1 of the 4 pitchers demonstrated scapulothoracic crepitus, but all had a tender, palpable bursal sac at the inferior angle of the scapula ( Figure  5 ). The pitchers did not respond to nonoperative management and underwent bursal excision through an oblique incision made just distal to the inferior angle of the scapula. The trapezius and latissimus muscles were split in line with their fibers, exposing the underlying bursa; the bursa was excised and any osteophytes were removed. The incision was closed with a drain and compression dressing, and physical therapy exercises were initiated after 1 week. Activity was increased, and all 4 pitchers were able to return to their previous level of pitching. McCluskey and Bigliani 43, 44 also described an open procedure to resect the superomedial bursa. With their technique, 8 of 9 patients (89%) with symptomatic scapulothoracic bursitis had good or excellent results. Nicholson Resection of the symptomatic scapulothoracic bursa has also been reported using an arthroscopic technique. 12, 20, 31, 38, 41, 58 Matthews et al 41 described a technique in which a patient is placed in either the prone or lateral decubitus position with the free arm placed behind the back in the surgical "chicken wing" position. Portals are placed at least 2 cm medial to the vertebral border of the scapula to prevent injury to the dorsal scapular nerve ( Figure 6 ). The initial portal is created using a spinal needle inserted midway between the scapular spine and inferior angle, and it is directed in the plane between A, after an incision is made over the medial spine of the scapula, the trapezius muscle is elevated from the spine; B, the supraspinatus, rhomboids, and serratus muscles are reflected, and the superomedial angle of the scapula is resected; C, the supraspinatus is sutured through drill holes to the spine of the scapula. the posterior thoracic wall and the serratus anterior. This bursal space can then be distended with at least 30 mL of saline before a stab wound is made and a blunt obturator is inserted. A 30° arthroscope is inserted, and under direct visualization, a superior and inferior portal can be made. The superior portal is usually placed just below the scapular spine, whereas the inferior portal lies 7 to 8 cm inferior to the spine. Portals placed superior to the scapular spine risk injury to neurovascular structures and should therefore be avoided. 3 A motorized shaver or a monopolar radiofrequency cautery device is commonly used for debridement. One of the more common difficulties with arthroscopic surgery compared with open surgery relates to access and visualization of the superior angle of the scapula with standard portals. Chan et al 11 described an alternative portal for scapulothoracic arthroscopy. They described an inside-out technique to create a superior portal that allows easier access to the superomedial border of the scapula.
Ciullo and Jones, 12 in the largest published arthroscopic series to date, reported their results in 13 patients who underwent subscapular arthroscopy for painful scapulothoracic bursitis. They were able to resect fibrous adhesions in the supraserratus and infraserratus bursae as well as any abnormal bony prominences through the arthroscope. All 13 patients returned to their preinjury activity levels.
The results of arthroscopic bursectomy in 25 patients with scapulothoracic bursitis who did not respond to nonoperative treatment were recently presented (C. L. Baker, MD, unpublished data, October 2008). On average, the patients were 40 years old (range, 15 to 77) and the duration of symptoms was 48 months (range, 2 to 240 months). Seven patients had surgery on the affected shoulder. At a mean follow-up of 22 months, patients improved from an average preoperative UCLA Shoulder Score of 16.3 to a postoperative score of 28.6 (> 27, good/excellent; < 27, fair/poor). Of the 18 patients who responded to their questionnaire, 11 would "definitely have the surgery again"; 1, "probably"; 4, maybe; 1, "likely not"; 1, "definitely not." Preliminary data from this study show the procedure to be effective as an isolated procedure but not as an adjunct in the multiply operated shoulder with global pain.
The complications associated with open or arthroscopic bursectomy include pneumothorax, postoperative hematoma, potential long thoracic nerve injury, potential damage to the dorsal scapular nerve, and recurrence of the bursitis. 34 Despite the lack of agreement among orthopaedic surgeons concerning which procedure is best for treating symptomatic scapulothoracic bursitis and crepitus, most reports have shown good to excellent outcomes in a significantly high percentage of patients. 40 Most patients returned to sports or work within 4 months, usually after thoracic posture, scapular control, and strength were obtained with rehabilitation.
summAry
The importance of the scapulothoracic articulation has gained attention as of late, and our understanding of symptomatic scapulothoracic bursitis and crepitus continues to evolve. These are conditions commonly seen by sports medicine clinicians, athletic trainers, and physical therapists. Clearly, the best initial approach is a nonoperative treatment plan that combines scapular strengthening, postural reeducation, and core strength endurance. The addition of local modalities, nonsteroidal antiinflammatory drugs, and localized injections may also be helpful. If an appropriate trial of nonoperative management proves unsuccessful, surgical correction can produce good results.
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